In partial backorder inventory system, when demand is not satisfied, unmet 
Introduction
Controlling inventory is a process and thoughtful inventory management, and a great deal of research efforts have been devoted to it over past few decades. In the partial backorder inventory system, when stock out occurs part of customers would wait for available products. In previous researches, there are some assumptions like that the lead time is an incontrollable variable, unmet demand is always backordered, and so on. However, those assumptions may not be fit for the real environments, and the inventory control problem needs to be considered in a more comprehensive sense. In practices, when stock out occurs, many factors may influent customers' willingness of back orders. Such as substitute, customers' preference and waiting patience; in other words, the backorder rate may change slightly due to these potential factors. Montgomery et al. [1] is among the first who analyzed that a fraction of demand is back ordered and the remaining fraction is lost, which has encouraged many researchers to present various types of inventory models with partial lost-sales. Some studies relevant to continuous review inventory models with stochastic demand were conducted by Ouyang et al. [2] [5], Moon [3] , Hariga [4] , Jha [6] and Ye [7] . But it is difficult to measure an exact value for the backorder rate. Therefore, it is appropriate to applying the fuzzy variable to characterize the ambiguous backorder rate(e.g. X. Wong [10] ; Ouyang and Chang [15] On the other hand, most of the companies recognize the significance of response time as a competitive weapon and have used time as a means of differentiating themselves in the marketplace. In previous literature, lead time is viewed as a prescribed constant or a random variable, which therefore is not subject to control. In fact, lead time usually consists of the following components: order preparation, order transit, supplier lead time, delivery time and setup time. In many practical situations, lead time can be reduced at an added crashing cost; in other words, it is controllable. Moreover, the Japanese successful experience of using Just-In-Time (JIT) production has evidenced that there are substantial advantages and benefits which can be obtained through various efforts of reducing lead time. Recently, much attention has been paid to the lead time reduction by several researchers (e.g., Ouyang [5] [9],Jha [6] ,Ye [7] , Annadurai [8] ，Radhakrishnan and Prasad [22] and Wang [10] ).
The service level constraint (SLC) introduces in the inventory model in place of the shortage cost which implies that the stock-out level per cycle is bounded and the availability of stock in a probabilistic or expected sense. Therefore, many authors (e.g. Chu, Yang, & Chen [11] ; Lee,Wu, & Hsu, [12] ) replace the shortage cost by a condition on the service level. Ouyang et al. [13] extended the work of Panand Yang [14] by adding the shortage cost in the objective function and considering reorder point as an additional decision variable. Jha [6] put the service level constraint in the model that requires a certain proportion of demands to be met in each cycle. The present paper modifies the model of Ouyang et al. [13] by introducing a service level constraint, instead of considering the shortage cost in the objective function. Specifying a service level avoids the difficult practical issue of explicitly estimating the shortage cost. Moreover, a service level criterion is generally easy to interpret and establish. Instead of having a shortage cost term in the objective function,
In the previous works, the service level constraint and the shortage were considered independently, and it is not investigated how the backorder rate is related with the inventory cost and the reorder point under the service level constraint. In this paper, we explore control policies in inventory systems with the continuous review style, and establish the mathematical model and propose a solving approach for the reorder point inventory problems with partial backordered and partial lost sale situation in fuzzy random environment. Specially, the paper investigates the inventory control system in which the service level restriction was established. The Lagrangian optimization method is used for optimizing objective function with the service level restriction. The positive definite characteristic of Hessian matrix shows that the objective function has the minimal cost at the optimal reorder point. Finally, the impacts of the backorder rate on the reorder point and the inventory cost are studied. It is proposed that as the safety factor k increase, the service level m climbs up by the numerical example.
.Notation and assumptions
This paper considers a continuous review inventory system with random and parameters. Firstly, we list the following notation and assumptions that will be used throughout the context. 
Mathematical formulation
For this inventory system with random lead time demands, the inventory level is continuous reviewed and a new order is triggered until the inventory position drops to R units. Mean demand rate per year is D, and order quantity per time is Q, then the reorder time is /, the reorder cost is  (/).If the lead time demand exceeds the reorder point, the inventory system will experience shortages. The shortages are partial backordered and partial lost sale with backorder rate . Let ( − )  = max{ − , 0}. Then the number of demand backordered is( − )  , and the number of demand lost is (1 − )( − )
 . According to reference [9] ,
Where For a given safety factor which satisfies the probability that lead time demand at the buyer exceeds reorder point, the actual proportion of demands not met from stock should not exceed the desired value of m. Therefore, the service level constrain can be established as
Expected demand shortages at the end of cycle for a given safety factor Quantity available for satisfying the demand per cycle ≤  (6) According to reference [6] and [20] , SLC is given by
Where () = () − [1 − ()] > 0 () and () are the standard normal probability density function and cumulative distribution function, respectively. Thus, we could find the optimal order quantity Q, lead time L, and minimize the total cost (1), subject to service level constraint Eq. 
The solution of inventory model
The problem formulated in the previous section appears as a constrained non-linear programming problem.
The solution without SLC
To solve this problem, we temporarily ignore the SLC and try to find the optimal solution of C (Q, L). Thus, for a fixed  ∈ [  ,   ], when the SLC is ignored, Eq. (4) gives an optimal value of Q such that the total expected cost is optimal.
The solution with SLC
Now, the SLC is taken into consideration. The Lagrange multiplier is adopted. Then the new model is given.
We take the first and second partial derivatives of (, , )with respect to ,  and  , and obtain
We set 
so * * is the optimal solution. We take the second partial derivatives of (, , )with respect to L, and obtain
When
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is convex in L, for fixed Q, we obtain optimal L by setting
is concave in L, for a fixed Q, the minimum total cost occurs at the end points of the interval[  ,   ].But when we set
to zero, is obtained as follows.
Hence, for a fixed Q, the minimum total cost also occurs at the end points of the interval[  ,   ]. So when the SLC is taken into consideration, the optimal  * * is at the end points of the interval[  ,   ], and the optimal
Numerical example
Consider an inventory system with the data used in reference [7] : D = 600 units/year, = 7 units/week, = $50/unit, hr = $20/unit/year, h= $15/unit/year, A = $200/order, = $150/unit, = 0.5The lead time has three components with the data shown in Table 1 . Besides, for treating the total stock out to be a mixture of backorders and lost sales, we further take = $150/unit, b = 0.5. Applying the procedure of 4.1 and 4.2 yield， the results of the optimal solution are summarized in Tables 2 and 3 , respectively. From Table 2 , we obtain the optimal lead time L* = 4 weeks, Q* =147.97units and safety factor k*=1.5. Hence, the minimum annual cost  * =$2537.62. According to 4.2, when m=0.01, the optimal lead time L* = 3 weeks, Q* =606.22 units and safety factor k*=0. Hence, the minimum annual cost  * =$5596.86, which is more than the minimum annual cost ($3975.35) without SLC, and the service level is also higher than the latter. According to Table 2 , it evidences that the more the lead time is crashed, the more cost is paid and the less order quantity. But the cost will reach the minimum value at some point, after which the cost begins to increase because after that point much more cost should be paid when the lead time is shorter. So a balance point between the inventory cost and the lead time should be found for an optimal decision.
If when m= 0.005, 0.01, 0.015, 0.025, 0.035, 0.055, the optimal solution is shown in the Table 3 . Variation of the total cost with k for different m reveals that the total cost increases with k and m. when m=0.01, L=3, k=0, if m is improved to 0.005, 9641.11 -5596.86=$4044.25 must be paid. According to Table 3 and Figure 1 ., it obviously shows that the higher the service level is, the more the cost is paid. When m=0.025, L=3, k=0, the total cost is the lowest. So for the whole inventory with SCL,  * =0.025,  * =3,  * =0,  * = 242.49, C * = 4376.02. As the safety factor k increase, the service level m climbs up. 
Conclusion
In this paper, with the consideration of partial backorder situation and the controllable lead time, a continuous review policy is set up for a buyer who also has her customers. Service level constrain is added to the set-up model to enhance its practicality. The optimal solution of the inventory model is proposed in Section 4, showing the trade-off between the cost for crashing lead time and the saving aroused. It is crucial to find a balance point among the inventory cost, the lead time and the service level because they are closely related with each other. Further study should be extended to address the whole supply chain, developing the inventory control approaches for the multi-echelon decision makers with controllable lead time and service level constraint. C（m=0.005） C（m=0.01） C（m=0.015）
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